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(54) Method for peripheral MR angiography 


(57) ATrieth~6cl of peripheral MR an gibgraprry~ispro- 
vided for imaging an artery or other vessel (44), wherein 
the vessel (44) is of such length that MR data must be 
acquired at each of a plurality of scan stations (46, 48, 
50) spaced along the vessel. In accordance with the 
method, a contrast agent is intravenously injected, in or- 
der to provide a bolus (54) which successively flows to 
each of the scan stations (46, 48, 50). After acquiring 


~arTinitiarsubset~bf th~e~MR~data associated with a giverT 
scan station, the bolus (54) is tracked to determine 
whether it has arrived at the next-following scan station. 
If so, at least some of the MR data associated with the 
next scan station are then acquired. However, if it is 
found that the bolus (54) has not yet arrived at the next 
scan station, acquisition of further data at the given scan 
station is continued. 
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Description 

[0001] The invention disclosed and claimed herein 
generally pertains to magnetic resonance (MR) angiog- 
raphy, i.e., to MR imaging of an artery or like vessel car- 
rying blood or other fluid. More particularly, the invention 
pertains to a method of the above type wherein MR data 
are acquired at each of a number of scan locations or 
stations, which are spaced along a vessel of compara- 
tively great length. Even more particularly, the invention 
pertains to a method of the above type wherein an 
amount of contrast agent, or bolus, moves along the 
vessel or other conduit, from station-to-station, and 
measures are taken to ensure that MR data is acquired 
at a particular station only or substantially when the bo- 
lus is located there. 

[0002] It is now a well known practice in MR angiog- 
raphy to insert a volume of contrast agent, such as gado- 
linium chelate, into blood flowing along a vessel. The 
volume or mass of contrast agent is referred to as a bo- 
lus, and has the effect of shortening the T n time of the 
blood. Thus, an MR image of the blood, acquired by a 
fast gradient echo or like technique, will show up very 
well with respect to adjacent stationary tissue of the ves- 
sel structure. 

[0003] It is also well known that certain clinical as- 
sessments require imaging a vascular territory of com- 
paratively great length. Using MR for these evaluations, 
therefore, necessitates the acquisition of MR data over 
several stations or scan locations, which are located at 
intervals along the vessel path of flow. To acquire data 
at a particular station, the patient is selectively posi- 
tioned with respect to an MR scanner, typically by move- 
ment of a table supporting the patient. Data are then ac- 
quired from a series of slices taken through a region or 
section of the patient, which comprises the particular 
scan location or station. Thereafter, the patient is shift- 
ed, relative to the scanner, so that data may be acquired 
from another section of the patient, comprising another 
scan location or station. MR angiography employing this 
procedure in conjunction with an injection of a contrast 
bolus may be referred to as bolus chasing peripheral 
MR angiography. 

[0004] At present, when a contrast agent is used in 
connection with a peripheral MR angiography exam, the 
first scan station is selected to be the section of the pa- 
tient, along a vessel of interest, at which the bolus ar- 
rives first. When the scan at the first station is complet- 
ed, the acquisition normally moves to the next scan sta- 
tion. However, the most appropriate time to move to the 
next station is not precisely known. For example, in the 
case of slow blood flow, the distal vasculature at the next 
scan station may not have had adequate time to fill with 
contrast material. On the other hand, if flow rate is great- 
er than anticipated, the contrast agent may tend to move 
into stationary tissue adjacent to the next scan station, 
beforedata acquisition commences. In either case, con- 
trast between moving fluid and stationary tissue may be 


significantly reduced at the next scan station. Moreover, 
undesirable effects, resulting either from flow rate which 
is too slow or too great, may tend to become progres- 
sively worse as imaging proceeds to subsequent scan 
s stations, and as the total number of scan stations in- 
creases. 

[0005] The invention is generally directed to a method 
of peripheral MR angiography for imaging structure as- 
sociated with a vessel, such as a comparatively long ar- 

io tery within a patient, wherein MR data are to be acquired 
at each of a plurality of scan stations positioned along 
the vessel. The method includes the step of inserting a 
contrast agent into blood via intravenous injection, to 
provide a bolus which flows to first and second stations, 

is in succession. The method further comprises acquiring 
an initial portion of a first MR data set associated with 
the first station, and monitoring the second station to de- 
termine whether the bolus has arrived there. If it is de- 
termined from the monitoring step that the bolus has in 

20 fact arrived at the second station, at least some of the 
MR data of a second data set associated therewith are 
then acquired. However, if it is determined that the bolus 
has not yet arrived at the second station, acquisition of 
further data at the first station is continued. 

25 [0006] In a preferred embodiment of the invention, the 
portion of MR data initially acquired at the first scan lo- 
cation comprises central k-space data, and the vessel 
comprises an artery residing in an imaging subject. 
Moreover, an MR scanning device and a table support- 

30 ing the imaging subject are associated with the MR 
method, the table being operated to selectively position 
the imaging subject with respect to the scanning device, 
in order to acquire the MR data sets respectively asso- 
ciated with the first and second scan stations. 

35 [0007] In a useful embodiment of the invention, the 
monitoring step comprises placing an NMR monitoring 
means which is responsive to the contrast agent in 
closely spaced relationship with the vessel and proximal 
to the second station, and setting the monitoring means 

40 to generate a signal when the amount of contrast agent 
at the second station exceeds a specified threshold. 
[0008] In another useful embodiment of the invention, 
the monitoring step comprises rapidly acquiring MR da- 
ta from a region which is proximal to the vessel and also 

45 to the second scan station, and then rapidly re-con- 
structing an image from the rapidly acquired data. An 
operator may then readily determine the amount of con- 
trast agent at the second scan station simply by visual 
inspection of the rapidly acquired image. 

50 [0009] An object of the invention is to provide a more 
optimum method for peripheral MR angiography, which 
is directed to an artery or other vessel of substantial 
length. 

[0010] Another object is to provide a method of the 
ss above type, wherein data acquisition at each scan sta- 
tion, in a succession of scan stations spaced along the 
vessel, is substantially synchronized in time with arrival 
at the scan station of a bolus of contrast agent. 
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[0011] Another object is to provide a method of the 
above type which tracks arrival of the bolus at succes- 
sive scan station along the vessel path of flow. 
[0012] Another object is to provide a method of the 
above type, wherein an assessment is made as to 
whether the bolus has or has not moved from the current 
scan station to a subsequent scan station, and data ac- 
quisition either shifts to the subsequent station, or con- 
tinues at the current station, in accordance with the as- 
sessment. 

[001 3] These and other objects and advantages of the 
invention will become more readily apparent from the 
following description, taken together with the accompa- 
nying drawings, in which:- 

[0014] Figure 1 is a schematic diagram showing basic 
components of an MR system for use in practicing em- 
bodiments of the invention. 

[0015] Figure 2 is a schematic diagram illustrating an 
arrangement for conducting a peripheral MR angiogra- 
phy exam, in accordance with the invention. 
[0016] Figure 3 is a flow chart illustrating an embodi- 
ment of the invention. 

[001 7] Figure 4 is a schematic diagram illustrating ef- 
fects of gradient non-linearity in connection with the em- 
bodiment of Figure 3. 

[0018] Figure 5 is a flow chart illustrating an alterna- 
tive embodiment of the invention. 
[0019] Referring to Figure 1 , there are shown the ba- 
sic components of an MR system or scanner 10 which 
may be operated to acquire MR data in accordance with 


theinvention described rTeTeihTSystel^TO includes an 
RF transmit coil 12, as well as a cylindrical magnet 14 
for generating a main or static magnetic field B 0 in the 
bore thereof RF coil 12 is operated to transmit RF exci- 
tation signals into a patient or other subject of imaging 
16 residing in the magnet bore, in order to produce MR 
signals. System 10 further includes gradient coils 18, 20 
and 22 for generating G x , G y , and G z magnetic field gra- 
dients relative to orthogonal X-, Y- and Z- reference ax- 
es, respectively. Figure 1 shows each of the gradient 
coils 18, 20 and 22 respectively driven by gradient am- 
plifiers 24, 26 and 28, and RF coil 12 driven by transmit 
amplifier 30. Figure 1 further shows an RF coil 40, which 
is operated in association with a receive amplifier 38 to 
acquire MR signals from subject 16. In some arrange- 
ments, coil 40 and coil 12 comprise the same RF coil, 
which is operated in alternate modes during the imaging 
sequence. System 10 is further provided with a pulse 
sequence control 32, which is operated to control the 
RF and gradient amplifiers, and to thereby generate 
pulse sequences to produce and acquire sets of MR sig- 
nals. System 10 also includes system control and data 
processing electronics 34, for operating respective com- 
ponents of system 1 0 to acquire MR data, in accordance 
with the invention, and to construct images thereof. The 
construction, functions, and interrelationships of com- 
ponents of MR system 10 are well known and described 
in the prior art, such as in US Patent No. 5,672,969, is- 


sued September 30, 1 997 to Zhou et al. 
[0020] Referring further to Figure 1, there is shown 
subject 16 supported on a table 36 or the like, which 
may be slid or translated along the Z-axis of MR system 
5 10. Thus, subject 16 may be selectively positioned with- 
in the bore of main magnet 14. The motion of the table 
is under computer control whose position along the Z- 
axis of the magnet bore can be precisely controlled and 
is reproducible. 
10 [0021] Referring to Figure 2, there is shown a more 
detailed view of subject 1 6, supported on table 36 within 
magnet 14. More specifically, Figure 2 shows patient or 
subject 1 6 having a blood vessel or vascular territory 44 
of substantial length. In this case, the clinical assess- 
es ment of the peripheral arteries requires the imaging of 
an extended field of view which extends from the abdo- 
men to the lower limbs of the subject. This evaluation 
includes portions of the abdominal aorta, iliac arteries, 
femoral arteries, popliteal arteries, tibioperoneal arter- 
20 jes and arteries of the foot. It is desired to acquire MR 
image data of the extended vascular territory 44 in its 
entirety. However, because of the substantial length of 
the vascular territory 44, it is necessary to obtain the 
data by establishing a plurality of scan locations or sta- 
25 tions between subject 1 6 and components of MR sys- 
tem 10. 

[0022] In accordance therewith, Figure 2 shows scan 
stations 46, 48 and 50, each comprising a section or re- 
gion of subject 16. More specifically, scan station 46 
30 comprises the upper trunk area (abdomen) of subject 


167scan station 48^on^seyfhVTowe7trunk area (pel- 
vis/thigh) thereof, and scan station 50 comprises the 
lower extremities (calf/foot) thereof. To acquire MR data 
associated with a particular scan station, table 36 is 
35 moved to position the particular scan station in specified 
relationship with main magnet 14. For example, Figure 
2 shows the midpoint of scan station 46 positioned at 
isocenter 42 of magnet 1 4. 

[0023] In a conventional arrangement, an entire set of 

40 MR data, pertaining to the segment of vessel 44 lying 
within scan station 46, would be acquired while such 
scan station was in the position shown in Figure 2. Then, 
table 36 would translate subject 16 leftward, as viewed 
in Figure 2, to position the midpoint of scan station 48 

45 at isocenter 42. After scanning an entire set of data per- 
taining to the segment of vessel 44 within scan station 
48, subject 16 would be further translated, to position 
the midpoint of scan station 50 at isocenter 42. A set of 
data pertaining to scan station 50 would then be 

50 scanned, to complete the data acquisition procedure. It 
will be noted from Figure 2 that a certain amount of over- 
lap can occur between adjacent scan stations. 
[0024] As stated above, it is common practice in MR 
angiography to intravenously inject a contrast agent, 

55 such as 20cc of gadolinium chelate, into blood 52 flow- 
ing through vessel 44. This provides a bolus 54 therein. 
If vessel 44 carries blood from the upper body to the 
lower limbs of subject 16, the flow direction is from left 
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to right, as viewed in Figure 2. After passing through the 
cardiac and the pulmonary circulations, the bolus 54 
would arrive first at scan station 46, then arrive at scan 
station 48, and finally arrive at scan station 50. 
[0025] In accordance with a conventional technique s 
known commercially as SMARTPREP (as described in 
Foo TKF; Saranathan M; Prince MR; Chenevert TL Au- 
tomated detection of bolus arrival and initiation of data 
acquisition in fast, three dimensional, gadolinium-en- 
hanced MR angiography. Radiology 1997; 203: 
275-280) by the General Electric Company , a monitor 
56 is placed proximate to vessel 44, upstream to the ar- 
terial blood flow for the field-of-view that constitutes 
scan station 46, , an example of which is shown in Fig- 
ure 2. The monitor 56 periodically detects MR signal ex- 
cited in a small volume or region of vessel 44 (not shown 
in Figure 2) which is in closely spaced relationship with 
monitor 56. The detected MR signal will reach a speci- 
fied threshold level when the contrast agent enters the 
portion or segment of vessel 44 lying within scan station 
46. Thereupon, scanning of station 46 commences. 
When such scan is completed, the MR system will se- 
quentially proceed to acquire data from scan station 48, 
and then from scan station 50. 

[0026] As indicated above, the time required for the 
bolus 54 to move from one scan station to the next is 
not precisely known and varies from patientrta-palienl. 
Variations hi bolus delivery can have a significant impact 
on MR image data. Acquiring the MR data prior to the 
bolus arrival into the target artery will result in poor (or 
no) visualization of the artery. Similarly, acquiring the da- 
ta after the passage of the bolus can result in less than 
optimal visualization of the target artery. Inaccurate bo- 
lus timing (i.e. one's ability to coordinate the bolus with 
the MR data acquisition), therefore, could significantly 
diminish the benefits - and efficacy -of using a contrast 
agent in conventional scan techniques as described 
above or require the use of increased quantities or dose 
of the gadolinium chelate contrast material. Thus, in or- 
der to overcome such disadvantages, and in accord- 
ance with an embodiment of the invention, monitors 58 
and 60 are placed in closely spaced relationship with 
vessel 44, at the positions respectively shown therefore 
in Figure 2. More specifically, monitor 58 is positioned 
just to the right ol the leftward edge of scan station 48, 
and monitor 60 is positioned just to the right of the left- 
ward edge of scan station 50, as viewed in Figure 2. 
Thus, monitors 58 and 60 will detect arrival of bolus 54 
at scan stations 48 and 50, respectively. Monitors 58 
and 60 may be similar to monitor 54 in operation and 
construction. Also, baseline data is obtained for each 
monitor, prior to acquisition of image data for the angi- 
ography exam. The baseline data indicates the level of 
MR signals detected by respective monitors, in the ab- 
sence of contrast agent. From such data, a threshold 
level may be pre-set for each monitor, to indicate arrival 
of the bolus at the corresponding scan location. 
[0027] Note that in order to monitor the signal at loca- 


tions 58 or 60 while acquiring data from 46 or 48, re- 
spectively, the table may also move in order to better 
visualize 58 or 60. Furthermore, moving the table will 
minimize geometric distortion from having 58 or 60 at 
the edge of a large image FOV. 
[0028] By tracking the progress of bolus 54 along ves- 
sel 44, as described hereinafter in further detail, the 
method of the invention is able to immediately acquire 
the most pertinent image data at a scan station, upon 
detecting arrival of the bolus at such station. Moreover, 
the method enables data acquisition to continue at a 
scan station, while the bolus is in transit to the next-fol- 
lowing station. Thus, the method of the invention opti- 
mizes use of contrast agent in peripheral MR angiogra- 
phy. 

[0029] Referring to Figure 3, there is shown a flow- 
chart illustrating use of monitors 56 - 60 in a method 
comprising an embodiment of the invention. In accord- 
ance with process blocks 62 and 64, the threshold levels 
of respective monitors are initially pre-set, and monitor 
56 is operated to detect the arrival of bolus 54 at the first 
scan station, i.e., at scan station 46. Thereupon, a trig- 
ger signal is generated to commence acquisition of im- 
age data, in regard to the segment of vessel 44 lying 
within each of the n scan stations. While Figure 2 shows 
only three scan stations, it will be readily apparent that 
in other embodiments the number of scan stations n 
may be substantially greater. Moreover, as emphasized 
by process block 66 of Figure 3, initial data acquisition 
at each scan station, including the very first station, is 
limited to central k-space data, i.e., to k-space data of 
lower spatial frequencies. Such data is most significant 
in image reconstruction, and is usefully acquired over a 
period of approximately 5-10 seconds. 
[0030] After acquisition of the centra! k-space data for 
the nth scan station, a determination is made as to 
whether such nth scan station is the final station in the 
imaging sequence, in accordance with decision block 
68. If not, the monitor signal for scan station n+1 is de- 
tected, to determine whether bolus 54 has arrived there, 
as collectively indicated in Figure 3 by process block 70 
and decision block 72. If bolus 54 has reached scan sta- 
tion n+1 , table 36 operates to move subject 16, as pre- 
viously described, so that data acquisition can com- 
mence at scan station n+1 . Such operation is indicated 
by process block 74, which is followed by resetting an 
associated counter (not shown) from n to n+1 , in accord- 
ance with process block 76. Thereupon, central k-space 
data is acquired at the updated scan station, in accord- 
ance with process block 66. 

[0031] If it is decided at block 72 that the bolus has 
not yet reached scan station n+1 , a determination in ac- 
cordance with decision block 78 must be made. That is, 
it must be determined whether data acquisition for the 
nth scan station has been completed. If not : the next 
loop of k-space data required for scan station n is ac- 
quired, as indicated by process block 80. However, if 
data acquisition has been completed, the operation of 
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process block 82 is carried out, that is, central k-space 
data is reacquired for the nth scan station, in order to 
improve signal to noise ratio. Alternatively, data is ac- 
quired at higher spatial frequencies: to increase spatial 
resolution. When the operation of either process block 
80 or process block 82 has been completed, the system 
returns to process block 70, to once again test for arrival 
of the bolus at scan station n+1. 
[0032] Referring further to Figure 3, process block 84 
requires that data acquisition be completed for the last 
scan station, after such scan station has been identified 
by decision block 68. Then, in accordance with process 
block 86, all remaining k-space data, which has not yet 
been acquired, is obtained for respective scan stations. 
The operation of process block 86 would generally re- 
quire controlled movement of table 36, to selectively po- 
sition the subject 16. When acquisition of the remaining 
data has been completed, the scanning procedure of 
Figure 3 comes to an end. It will be readily apparent that 
the respective steps and procedures of the embodi- 
ment, as described herein and shown in Figure 3, could 
readily be implemented by configuring control electron- 
ics 34 to direct operation of system 10 in accordance 
therewith. 

[0033] In the embodiment of the invention described 
above, a problem may be encountered in placing a mon- 
itor over a small volume within a vessel of interest. As 
shown in Figure 2, a monitor and its associated volume 
are located near the edge of a scan station, and are 
therefore at the edge of the imaging field of view. As a 
resultrthe monitor volume may be^paced~so faTf rom 
the magnet isocenter that it is affected by gradient non- 
linearities. 

[0034] Referring to Figure 4, there is shown an ideal 
slice selective slab 88, which is taken through vessel of 
interest 44, and is intended to supply MR signal data for 
constructing an image. Slab 88 includes a volume 90, 
comprising a small region along the path of blood flow 
which is adjacent to one of the monitors. Figure 4 further 
shows the slice selective slab 88a from which the MR 
signal data is actually acquired. Because of gradient 
field non-linearity distal from isocenter 42, the ends of 
slab 88a curve away from the intended positions there- 
of. Accordingly, the actual position of monitor volume 
90a is displaced from intended volume position 90. As 
a result, the frequency offsets corresponding to the 
monitor slabs may be incorrect. This can be compen- 
sated for by using the gradient parameters of a tech- 
nique known in the art as GRADWARP to pre-calculate 
the field distortion. In the current method, the slice se- 
lection frequency offsets and slice selection gradient 
amplitude may then be changed in accordance there- 
with. This allows the prescribed monitor volume to better 
match the expected position. The GRADWARP tech- 
nique is described in the prior art, such as in US Patent 
No. 4,698,591 , issued October 6, 1 987 to Glover, et. al. 
[0035] Another method to correctly localize the mon- 
itor volume is to use the saturation effect of the slice se- 


lective RF pulses (either a spin echo orthogonal slice 
selective gradient or 2-dimensional (2D) cylindrical RF 
pulse). The saturation region would indicate the position 
of the monitor volume. The correct position can be 
5 quickly identified by preceding a real-time acquisition 
sequence with a tracking or monitor volume selection 
pulse sequence. Thus, a user can move about or around 
the desired station , and adjust the monitor volume fre- 
quency offsets accordingly. 
10 [0036] Referring to Figure 5, there is shown a flow 
chart illustrating an embodiment of the invention, where- 
in alternative means are used to detect the arrival of the 
bolus at respective scan stations. Thus, the need for 
monitors such as monitors 56-60, as well as drawbacks 
15 associated therewith, are substantially eliminated. This 
is similar to the method described by Wilman AH; Rie- 
derer SJ; et al. Fluoroscopic I ly triggered contrast-en- 
hanced three-dimensional MR angiography with ellipti- 
cal centric view order: application to the renal arteries. 
20 Radiology 1 997; 205: 1 37-46. 

[0037] As shown by process block 92, the method of 
Figure 5 commences by periodically acquiring short 2D 
projection images of the first scan station, i.e., scan sta- 
tion 46. An operator of MR system 10 physically views 
2S respective images until he sees the vasculature filled 
with contrast agent at such scan station. Thereupon, he 
triggers acquisition of central k-space data at the first 
scan station, in accordance with process block 66, 
which is identical to process block 66 described above 
30 in connection with Figure 3. The following decision block 
68 is~likewise identical to decision block 68 ofFigure 3. 
Thus, after acquiring the central k-space data for any 
scan station other than the last station , a bolus tracking 
function, represented by block 94, is initiated. Such 
35 function comprises process blocks 96 and 98 and deci- 
sion block 1 00. 

[0038] In accordance therewith, and following the ac- 
quisition of central k-space data for the nth station, at 
the end of each k z encoding loop (in a 3D fast GRE ac- 

40 quisition) a short 2D projection image (preferably using 
an echo-train or similar pulse sequence of 100-200 mil- 
liseconds acquisition time) is acquired at scan station 
n+1 (process block 96). The ky encoding value is then 
updated, and the next k z loop data is acquired. Thus, for 

45 each ky encoding value, a fast acquisition is performed 
at the next scan station. The fast 2D projection image is 
reconstructed and displayed in real-time, at intervals of 
(T acq +n z TR), in accordance with process block 98. T acq 
is the acquisition time of the fast 2D image, and n z is the 

so number of slice encoding values. In accordance with de- 
cision block 100, the operator observes the displayed 
2D image to determine whether the vasculature at the 
scan station n+1 has filled with contrast material. If so, 
data acquisition will move to scan station n+1 .. Other- 

55 wise, data acquisition will continue at scan station n, in 
accordance with decision block 78 and process blocks 
80 and 82, described above in connection with Figure 
3. The remaining blocks shown in Figure 5 are likewise 
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identical to the corresponding blocks previously de- 
scribed in connection with Figure 3. 
[0039] It is thus seen that in the method of Figure 5, 
visual monitoring of the vasculature at scan station n+1 
begins only after a central core of k-space data has been 
acquired for scan station n. This insures that data at the 
current scan station has sufficient contrast between the 
vasculature and the stationary tissue. The acquisition of 
the fast 2D projection image at scan station n+1 may be 
accomplished in one of two ways. The first is to com- 
pletely move table 36 to position subject 16 at scan sta- 
tion n+1. The second is to move the table part way to- 
ward such scan station. The procedure of choice will 
generally depend on table motion speed. 
[0040] Note that the above two approaches or embod- 
iments can also be combined to provide both a visual 
and automated method for detection of the contrast bo- 
lus arrival, as described by Kim J; Farb G; Wright G; 
Sentinel scan: Test bolus examination in the carotid ar- 
tery at dynamic gadolinium enhanced MR angiography. 
Radiology 1 998; 206:283-289. 


Claims 

1 . A method of peripheral MR angiography for imaging 
structure pertaining to a vessel (44), wherein MR 
data are to be acquired at each of a succession of 
scan stations (46, 48, 50) positioned along the ves- 
sel or vascular territory, said method comprising the 
steps of: 

intravenously injecting a contrast agent , to pro- 
vide a bolus (54) disposed to flow to a first one 
of said scan stations(46), and to thereafter flow 
to a second one of said scan stations (48); 

acquiring an initial portion of a first set of MR 
data associated with said first scan station (46); 

monitoring said second scan station to deter- 
mine whether said bolus (54) has arrived at said 
second scan station ; 

acquiring at least some of the data of a second 
MR data set associated with said second scan 
station (48), if it is determined from said moni- 
toring step that said bolus (54) has arrived at 
said second scan station (48); and 

continuing to acquire data of said first MR data 
set, if it is determined from said monitoring step 
that said bolus (54) has not yet arrived at said 
second scan station (48). 

2. The method of Claim 1 wherein: 

said initial portion of said first set of MR data 
comprises central k-space data. 


3. The method of Claim 2 wherein said monitoring step 
comprises: 

placing an MR detector (58) responsive to said 
s contrast agent in closely spaced relationship 

with said vessel (44) and proximate to said sec- 
ond scan station (48); and 

setting said detector (58) to generate a signal 
10 when the amount of said contrast agent at said 

second scan station exceeds a specified 
threshold. 

4. The method of Claim 2 wherein said monitoring step 
15 comprises: 

rapidly acquiring MR data from a region proxi- 
mate to said vessel (44) and to said second 
scan station (48); and 

20 

constructing a real-time image from said rapidly 
acquired MR data for use by an operator to de- 
termine whether vasculature at said second 
scan station has become filled with said con- 
25 trast agent. 

5. The method of Claim 2 wherein said monitoring step 
comprises: 

30 placing an MR detector (58) responsive to said 

contrast agent in closely spaced relationship 
with said vessel (1 6) and proximate to said sec- 
ond scan station (48); 

35 setting said detector (58) to generate a signal 

when the amount of said contrast agent at said 
second scan station exceeds a specified 
threshold; 

40 rapidly acquiring MR data from a region proxi- 

mate to said vessel (44) and to said second 
scan station (48) and constructing a real-time 
image therefrom; and 

45 detecting a signal generated by said detector 

(58) and visually observing said rapidly ac- 
quired image, in combination, to determine ar- 
rival of said bolus (54) at said second scan sta- 
tion (48). 

so 

6. The method of Claim 2, wherein said vessel (44) 
comprises an artery residing in an imaging subject 
(16), an MR scanning device (10) and a table (36) 
supporting said imaging subject being associated 

55 with said method, and wherein: 

said table (36) is operated to selectively posi- 
tion said imaging subject (16) with respect to said 
scanning device (1 0), in order to acquire MR data 
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associated with a given one of said scan stations . 

7. A method for acquiring an MR image of a vessel 
(44) within a subject (16), wherein the vessel is of 
such length that MR data must be acquired at each 
of a succession of scan stations (46, 48, 50) spaced 
along the vessel, said method comprising the steps 
of: 

injecting a contrast agent into said vessel (44), 
to provide a bolus (54) disposed to flow succes- 
sively to each of said stations; 

establishing relative movement between said 
subject (16) and an MR scanning device (10) 
to successively enable each of said stations to 
acquire MR data; 

upon enabling a given one of said stations other 
than the last station in said succession, acquir- 
ing an initial portion of a first MR data set asso- 
ciated with said given station; 

monitoring the station next following said given 
station in said succession, to determine wheth- 
er said bolus (54) has arrived at said next fol- 
lowing station; and 

enabling said next following station and acquir- 
ing an initial portion of a second MR data set 
a^ociatedlrTerewitrTTif Tis^dete rm inedf rom 
said monitoring step that said bolus (54) has 
arrived at said next following station, and oth- 
erwise acquiring further data of 
said first data set at said given station. 

8. The method of Claim 7 wherein: 

said initial portions of said first and second da- 
ta sets respectively comprise central k-space data. 

9. The method of Claim 8 wherein: 

said acquired further data of said first data set 
comprises reacquired central k-space data, and k- 
space data of higher spatial frequencies, selective- 
ly. 

10. The method of Claim 9 wherein: 

upon enabling said last station, a complete set 
of MR data associated therewith is acquired; 
and 

data acquisition is thereafter completed at each 
of the other stations in said succession. 

11. The method of Claim 7 wherein said subject (16) is 
supported upon a moveable table (36), and where- 
in: 


said table (36) is operated to selectively posi- 
tion said subject with respect to said scanning de- 
vice (10), in order to successively enable each of 
said stations (46, 48, 50) to acquire MR data. 

5 

12. The method of Claim 7 wherein said monitoring step 
comprises: 

placing an MR monitoring means (58) respon- 
io sive to said contrast agent in closely spaced re- 

lationship with said vessel (44), and proximate 
to each of said stations; and 

setting the monitoring means (58) proximate to 
is a particular station to generate a signal, when 

the amount of said contrast agent at said par- 
ticular station exceeds a specified threshold. 

13. The method of Claim 7 wherein said monitoring step 
comprises: 

rapidly acquiring MR data from a region proxi- 
mate to said vessel (44) and to said next follow- 
ing station; and 

constructing a real-time image from said rapidly 
acquired MR data for use by an operator to de- 
termine whether vasculature at said next fol- 
lowing station has become filled with said con- 
trast agent. 


14. The method of Claim 1 3 wherein: 

said real-time image comprises a fast two-di- 
mensional projection image. 


25 
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